Introduction
The vole, Microtus agrestis, is dependent on mating to induce both ovulation and the development of normal luteal function (Austin, 1957; Breed, 1967; MUUgan, 1975) . These effects of mating are mediated by two separate reflexes: (1) ovulations which are induced by limited mating or administration of LH or LH-RH normally give rise to corpora lutea (CL) which do not become functional and which begin to degenerate soon after their formation; (2) the development of full luteal function depends on additional vaginal-cervical stimulation which may be provided artificially using a glass rod or by allowing more prolonged mating (MUUgan, 1975) .
In exhibiting this characteristic of mating-stimulated luteal function, the vole shows a close resemblance to spontaneously ovulating myomorph rodents such as the hamster, mouse and rat (Conaway, 1971) . In the rat, there is evidence that the effect of mating is to activate a mechanism which is then responsible for providing continuing luteotrophic support during pseudopregnancy or the early part of pregnancy (Everett, 1967; Freeman, Smith, Nazian & NeiU, 1974) . Since the characteristics of this mechanism are such that it appears that the mating stimulus is 'remembered' for some time after the act of mating itself, the term 'mnemonic' has been applied to it (Freeman et al, 1974) . One expression of this luteotrophic mnemonic in rats is the twice-daily prolactin surge that occurs in pseudopregnancy and early pregnancy (Freeman et al, 1974) . Once activated, the mnemonic can apparently continue independently of any ovarian raises the question of how a 'strange' male (i.e. a male other than the stud) blocks luteal function and pregnancy in newly mated females (Clulow & Clarke, 1968) . This phenomenon was first observed in the mouse (Bruce, 1959) , but has since been demonstrated in the deermouse (Peromyscus maniculatus: Eleftheriou, Bronson & Zarrow, 1962 ) and a number of microtine rodents (Clulow & Langford, 1971; Stehn & Richmond, 1975; Mallory & Brooks, 1978) . Despite the many studies of the stimulus control of the phenomenon and its potential importance to animals in the wild (Milligan, 1979) , the endocrine basis of the effect is still not understood. The primary cause of pregnancy blockage is the failure of luteal function (Dominic, 1970; MUUgan, 1976b) and the reason for this luteal failure has been variously suggested to be an increased secretion of gonadotrophins (Richmond & Conaway, 1969; Hoppe & Whitten, 1972) and/or a suppression of prolactin (Parkes & Bruce, 1961; Milligan, 1976b Worth, Charlton & MacKinnon (1973) and Milligan (1974) respectively. Females were 2-to 4-month-old virgins. Males were breeding adults. The procedure for mating females was as described by Charlton, Milligan & Versi (1978) for Exps 1, 2 and 3 and as described by Milligan (1976a) for Exp. 4 except that females that failed to mate within 7 h of the introduction of the male in Exp. 4 were discarded. The day of mating was designated Day 0 in all experiments. Females were always caged separately after mating.
Operative techniques. Laparotomies for examination of the ovaries in situ were carried out as described by Charlton et al (1978) . Hysterectomies were performed 2 days after mating, under ether anaesthesia via a ventral midline incision. Before being killed, many animals were bled from the post-orbital canthal sinus using light ether anaesthesia and a heparinized Pasteur pipette. Blood was routinely collected within 1 min of initiaUy disturbing the cage to minimize compli¬ cations arising from stress-induced steroid secretion.
Progesterone assay. The progesterone concentrations in 50 pi plasma samples were determined by radioimmunoassay using a goat antiserum raised against progesterone-11 asuccinyl-bovine serum albumin (kindly donated by Dr . J. Furr; antiserum 465/6). Selective extraction of the plasma with hexane was employed (Swain, 1972) . Otherwise the assay was performed as described by Baranczuk & Greenwald (1974) . The intra-and inter-assay coefficients of variation were 12-1 and 20-4% respectively and the sensitivity, defined as the smallest amount of steroid significantly different from zero, was 10 pg/tube.
Assessment of luteal function. The criteria used to assess luteal function included the macroscopic and histological appearance of the CL and the plasma progesterone levels. MacroscopicaUy large, well vascularized CL are histologically healthy and are associated with elevated plasma progesterone. Degeneration of CL is rapid and is accompanied by a marked decrease in size and vascularity and a fall in progesterone levels. Both the present and other studies (Charlton et al, 1978 Injections. These were all given subcutaneously without anaesthetic in the neck region. LH¬ RH (the synthetic decapeptide; Hoechst U.K. Ltd and Hoechst A.G., West Germany) and LH (NIH-LH-S19, ovine) were dissolved in 0-154 M-NaCl and given in a volume of 0-1 ml in doses of 100 ng and 10 pg respectively. Bromocriptine (2-bromo-a-ergokryptine mesylate: Sandoz Products Ltd, U.K.) was given as a single injection of 1 mg in a volume of 0-1 ml (Exps 1, 2 and 3) or 0-2 ml (Exp. 4); the vehicle solutions were 10 mg tartaric acid in 0-5 ml 70% alcohol plus 0-5 ml saline and 5 mg tartaric acid in 0-2 ml absolute alcohol plus 0-8 ml saline, respectively.
Experimental Methods and Results
The experimental design used to investigate the luteotrophic mnemonic system involved allowing the females to be mated and then blocking the function of the mating-induced CL by bromo¬ criptine treatment. Fresh ovulations were then induced in the females with LH or LH-RH and the fate of the new CL arising from these ovulations was determined. The rationale behind this was that since such hormonally induced CL will rapidly degenerate (i.e. are 'short-lived') in the absence of a luteotrophic stimulus (Milligan, 1975; Charlton et al, 1978) Females in Groups 1D-1G were initially placed with males for 15 min, but were prevented from mating. These control females were subject to various regimens of non-coital ovulatory Additional mated females which had been hysterectomized on Day 2 were treated with bromocriptine or the vehicle solution on Day 8 and were killed 24 h later. All 6 females treated with bromocriptine had degenerating CL whereas 6 of the 9 controls had active CL (P < 0-05; exact probability test). 28 (7) (a) 14-7 ± 1-9 (N = 4) (b) 5-2 ± 1-3 (N = 4) Exposure of newly mated females to a strange male rather than the stud male produced a significant pregnancy-blocking effect (Groups A and ; 2 = 6-32, < 0-02). The treatment of such newly mated females with LH-RH after they had had their pregnancies blocked by the strange male resulted in only 28% of them developing active CL (Group C). This result was not significantly different from that obtained following the treatment of unmated females with LH¬ RH (Group G; 1 = 0·75, > 0-05). In contrast, 65% of the females whose pregnancies had been blocked by bromocriptine developed active CL after LH-RH (Group E). This result was significantly different from that obtained in unmated females ( 2 = 9-08, < 0-005) and after blockage by the strange male ( 2 = 6-16, < 0-02). There was no evidence that the high incidence of short-lived CL following LH-RH in pregnancy-blocked animals was due to any kind of inability of these females to support functional CL, as the females that were mated after having had their pregnancies blocked all developed active CL (Group D). The injection of LH¬ RH into newly mated females did not affect the incidence of pregnancy (Groups A and ; 2 = 0-05, > 0-05).
Discussion
Prolactin is believed to be an important luteotrophic hormone in the vole and the treatment of newly mated females with bromocriptine to suppress prolactin secretion results in a rapid and irreversible failure of luteal function (Charlton et al, 1978) . The present study showed that the hormonal induction of ovulation foUowing such bromocriptine-induced luteal failure results in a high proportion of the ovulating females developing functional CL (Groups 1A and IB). This suggests the presence of a system for luteotrophic support in these females. There was no evidence of such a system in any of the females that had not mated, even though they had been exposed to a male, induced to ovulate and treated with bromocriptine (Groups 1D-1G). The characteristics of the luteotrophic system detected in the previously mated females are therefore such that it appears as if the luteotrophic effect of the initial mating stimulus is 'remembered'. This is similar to the situation in the rat, in which it has been proposed that mating activates a 'mnemonic' system that is responsible for providing continuing luteotrophic support (Everett, 1967; Freeman et al, 1974) . Whether the pattern of prolactin secretion following the activation of the luteotrophic system in the vole in any way resembles the twice-daily surges associated with the mnemonic in rats (Freeman et al, 1974) In contrast to the results obtained with bromocriptine, the incidence of functional CL foUowing LH-RH was low when the newly mated females had had their pregnancies blocked by exposure to a 'strange' male (Group 4D). This suggests that the luteotrophic system, which is activated by the stud mating and which can be detected after bromocriptine-induced luteal failure, is suppressed or absent after the luteal failure induced by a strange male. This raises the possibüity that the primary effect of the strange male in causing pregnancy blockage may be via an action on the luteotrophic 'mnemonic' that is initially activated by the stud mating.
There is evidence in the literature which suggests that a simUar theory of pregnancy blockage may also apply to the mouse. Carlsen, ZeUmaker & Shelesnyak (1961) observed that foUowing the termination of pregnancy by the administration of ergocornine methanesulphonate on Days 3 or 4 of pregnancy, one half of the rather smaU sample of female mice they examined exhibited a spontaneous pseudopregnancy. In contrast, Bruce (1962) reported that only 5% of female mice showed pseudopregnancies foUowing blockage of their first pregnancy by a strange male. These observations would be consistent with the persistence of a luteotrophic mnemonic system in many of the ergocornine-blocked females, but with its abolition in most of the females terminating their pregnancies as a result of strange male exposure. Further work is being undertaken to examine this proposal in more detail.
